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ABSTRACT 


Aim: The early stages of acute renal failure are poorly diagnosed by current 
routine tests. We studied the correlation between cystatin C and creatinine in 
Type 2 diabetes patients. Introduction: The present study was carried out on 52 
subjects with type 2 diabetes mellitus. All subjects were tested for various 
parameters like, serum cystatin C, serum creatinine, HbA1C, FBS, and, PP2BS. 
Analysis of Glomerular filtration rate was done using national kidney 
foundation formula. To analyze data Excel is used for SD value and Social 
Science Statistics for P value. Method: ScyC levels increased significantly in 
type 2 diabetes patients (p<0.001) as compare to SCre level. A positive 
correlation was present between ScyC and SCr (r=0.309, p<0.005). Both SCysC 
(r=-0.184) and SCr (r=-0.309) had adverse correlation with eGFR (p<0.005). 
Result: Serum cystatin C can be recognised as an immediate marker to detect 
nephropathy and renal dysfunction in diabetic patients than serum creatinine. 
Furthermore, this study needs to be conducted with a largest population to 


confirm this. 
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1. INTRODUCTION 


Acute renal failure is defined as per risk of renal dysfunctional injury of 
kidney, failure of kidney function, and this condition in which the kidneys 
from the blood. 
Eventually, no therapy for acute renal failure (ARF) existed (Marwaha et al., 


immediately stop purifying unproductive material 


2017). Sometimes symptoms may be or may not appear at all but people may 
experience an imbalance of water-electrolyte or fatigue, these symptoms are 
shown in patients’ whole body urinary insufficient, urine production or urine 
retention. In Patients with ARF most common symptoms are shortness of 
breath, swelling or too much acid in blood and tissues (Randers et al., 1998). 
Therefore, the diagnosis of ARF at an early phase and prevention is becoming 
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critical. However, serum Creatinine known as diagnostically standard method to detect acute renal failure (ARF) but it contains 
major limitations, we may choose evaluation of serum cystatin C as detection of ARF before than serum Creatinine (Taglieri et al., 
2000). 

Current evaluation of renal function mostly involves estimation of serum or urinary markers and, in some cases, radiological 
and histopathological studies. SCr is generally used by physicians to monitor renal disease development and treatment reaction due 
to the ease of estimation. Several formulae are also obtainable to calculate eGFR based on a single SCr value (Randers et al., 1998). 
Nevertheless, SCr is not considered as potential diagnostic method to detect early phase kidney disease. It is known that suspected 
patients SCr level remains normal until there GFR rate become in a stage of 50% reduction that indicate the major drawback of 
serum creatinine (Elsayed et al., 2018). 

Among the various novel biomarkers discovered, such as SCysC has been proposed to be a promising marker that can help 
detect the early stage of acute renal failure. Biochemical structure of serum Cystatin C is a group of proteins that contains tertiary 
structure with low molecular wight, and it has a capacity to bind tightly at the binding site of cysteine proteases to perform their 
activity. It is freely filtered by the glomerulus, gets reabsorbed in the proximal tubules, and degraded. These competitive inhibitors 
are useful for controlling protease activity in immune system modification, antiviral, and antibacterial activity and participate in the 
body’s response to brain injury. Many Pathological conditions are responsible for physiologic alteration of biomolecules such as 
Cystatins and Protease. Cystatins is a change in biochemical molecules with different specificities and distinguished by a common 
cystatin domain that spans about 100 amino group’s presence of acid residues and stabilized disulfide bond. It has three families: 
stefins, competent cystatins, and kininogens. Cystatin C (cysC), also define as cystatin 3, is continuously produced by nucleated 
cells. It is not just present in body fluids but also found in human tissue. It consists of one hundred twenty amino acids residues and 
has disulfide bonds (Onopiuk et al., 2015). 

ScysC is superior in comparison to SCr in the estimation of renal function as it is never influenced by age, sex, and body mass. 
However, research have proven that the use of glucocorticoid drugs, altered thyroid status, pregnancy, malignant conditions, liver 
disorders, and cardiovascular abnormalities can also bring about alterations in SCysC level. As GFR declines, cystatin C levels 
begins to rise sharply. This study was undertaken to determine and differentiate the levels of SCr and SCysC in type 2 diabetes 
patients having different severity groups based on eGFR. In this study, we established a connection with ARF in early phase by 
analysing serum creatinine and serum cystatin C levels (Murty et al., 2017). 


2. MATERIALS AND METHODS 

The study was performed from Parul sevashram Hospital, Vadodara; Gujarat, India by the Biochemistry laboratory, on 53 subjects 
diagnosed with type 2 diabetes mellitus who visited the OPD between December 2021 and March 2022. The study got approval 
from Institutional Ethical Committee of Parul University. Acute Renal Failure subjects aged between 21-89 years were added in the 
study. Subjects with other comorbidities related to heart, hormonal disease and other chronic illness were excluded from this study. 
For analysis venous blood were drawn to obtain serum sample and kept it at room temperature to clot for 30 minutes and later 
centrifuge it to obtain serum. The sample can be store at -20°C until analysis. Biochemical parameters analysed were SCr and 
SCysC. The diagnostic principle is used for SCr and ScysC is modified Jaffe’s method and particle enhanced immunoturbidimetric 
method, respectively. The analysed used for this estimation is ERBA 360 clinical chemistry automated analyser. Estimated GFR was 
derived using NKF eGFR calculator. 


According to NKF based CKD-EPI Creatinine-Cystatin formula (2021) as mentioned below: 

eGFRer-cys = 135 x min (Se/t, 1) * x max (Sa/k, 1)°* x min (Scys/0.8, 1)°33 x max (Scys/0.8, 1)°778 x 0.996148 x 0.963 [if female] 
Where, eGFR (estimated glomerular filtration rate) = ml/min/1.73m2 

Ser = serum creatinine in mg/dL 

« = 0.7 (females) or 0.9 (males) 

a = -0.219 (female) or -0.144 (male) 

Min (Sc/1c, 1) is the minimum of Se/k or 1.0 

Max (Sc/1c, 1) is the maximum of Ser/1< or 1.0 

Scys = serum cystatin C in mg/L 

Age = years 
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3: RESULT 


The study was done from December 2021 to March 2022 at a Parul sevashram hospital. The study performed on 53 subjects of type 
2 diabetes patients (35 male, 18 female, and age between 21 to 89 years). In this study I have excluded recently diagnosed diabetes 
patients (<1 year), paediatric (< 21 year,) and pregnant women. All collected data which include age, gender, height, weight, co 
morbidities, Medicine history, physical complaints, and laboratory diagnosis. Plain Serum samples without anticoagulant from 
routine clinic collections were used, in serum sample cystatin C and creatinine test was performed and for HbA1C test EDTA 
plasma samples are used. Correlation studies revealed a comparatively better correlation between SCys C and e GFR than between 
SCr and e GFR is shown in (Table 1). 


Table 1 Serum Cystatin C & Serum Creatinine, estimated eGFR, in type 2 Diabetic Participants 


GFR 
: GFR >60m1/Min All Patients 
<60ml/Min . 
Per 1.73m2 GFR 6-130 M1/Min/173m2 
Parameter Per 1.73m2 
N= 39 N= 19 N= 53 
Serum Creatinine 
1.73(+1.52) 1.14(40.74) 1.5(+1.3) 
mg/dl 
NKF Estimated 
. _ 33.78(+14.91 84.57(+17.24) 52.15(+28.98) 
GFRmL/min Creatinine 
Serum Cystatin C 
2.36(+1.03) 1.90(+0.93) 2.22(+1.02) 
mg/L 
NKF Estimated 
; 29.78 (+-13.01) 73.52 (+19.37) 46.20 (26.22) 
GFR M1/min 
Cystatin C 
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Figure 1 Relationship among serum creatinine and serum cystatin C 


A strong positive correlation existed between SCr and SCys C levels which was statistically significant in this study (figure 1). So 
in this study I have introduced a positive relationship between SCr and ScyC (r=0.309, p<0.05). A strong correlation was reported 
between SCys C and e GFR (r= -0.185, p=>0.05) (figure 2) in comparison with SCr and e GFR (r= -0.309, p=<0.05) (figure 3). The 
cystatin C levels of serum and creatinine in patient of type 2 diabetes mellitus are found significantly correlated as biomarker 
(p<0.05). We found that 88.7% of patients of the acute renal failure, the group had normal level of creatinine in the early phase, 
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although same group of patient had enhanced serum cystatin C at the same time. The level of serum creatinine in patients with low 


GFR is 1.73 mg/dl and the level of serum cystatin C in patients with low GFR 2.36 mg/L hence its prove that patients with low GFR 


suggested ARF have higher level of cystatin C so we can consider serum cystatin C is early biomarker of acute renal failure. 


Cystatin C serum concentration continuously increased as GFR decreased. 
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Figure 2 Association between serum cystatin C and estimated glomerular filtration rate 
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Figure 3 Connection between serum creatinine and measured glomerular filtration rate 


4. DISCUSSION 


The GFR is generally considered a better measure of kidney function in comparison with SCr, but direct measurement of GFR is 


costly, time consuming, and impractical in routine clinical care. For example, NKF based CKD-EPI Creatinine-Cystatin Equation 


(version 2021) is reported to be better than the GFRamorp. Detection of ARF in type 2 diabetes patients in early stages is essential. At 
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present, SCr and GFR are the two parameters being used to diagnose, estimate the prediction, and monitor the response to 
treatment. Low cost, ease of estimation and specificity makes SCr a better parameter to depend on. However, SCr has certain 
diagnostic limitations. In this study, we analysed a use of alternate marker of SCr, such as ScyC in correlation with SCr with type 2 
Diabetes patient to detect Acute Renal Failure. A study suggested an inverse relationship of both the parameters with eGFR 
(Kumaresan et al., 2011). In our study, A similar, result like, an increasing trend in each ScyC and SCr levels in type 2 diabetes 
patients (p = <0.001), was observed. 

Level of eGFR in present population suggested comparatively better Correlation and highly significant between ScyC and 
measured eGFR (r= -0.184, p= >0.05), while in comparison to SCr and eGFR (r= -0.309, p = <0.05). If the p value is >0.05 it means two 
variables are highly significant and highly correlate. So this correlation is use to predict immediate diagnosis of acute renal failure 
in type 2 diabetes patients. If the r value is negative, it means two variables are inversely correlates and the mean difference is very 
high. 

These findings are according to one previous study, mentioned a better correlation between ScyC and measured GFR (r=-0.792, 
p<0.05) while in comparison to SCr and GFR (1=-0.666, p<0.05) (Hojs et al., 2004). More recently, once study was finding the stronger 
correlation between ScyC and eGFR (r = -0.877, p<0.05) a comparison with SCr and eGFR (r = -0.777, p<0.05) (Dhupper et al., 2015). 
Our study, A strong positive correlation obtained between the SCr and ScyC levels which was statistically significant (r=0.309, p = 
<0.05). Similar correlation observed in study who has reported a positive correlation between SCr and ScyC (r=0.665 and r=0.870 
respectively) (Tsai et al., 2010). 

SCysC proves to be a definitive marker of kidney impairment. In this study, SCysC was significantly elevated in type 2 diabetes 
patients as compared to SCre. However, in type 2 diabetes subjects with mild to severe reduction in eGFR (eGFR2 60 ml/min/1.73 
m2), SCysC level was found increased as compared to upper reference range. A normal serum creatinine level, during the early 


stage of kidney disease, does not necessarily indicate normal renal function. 


Limitation 
Our study has faced certain limitations like small sampling size. Thus, detailed analysis on large population needs to be done to 
consider SCys C as a biomarker of acute renal failure. 


5. CONCLUSION 


Inconclusion, study suggested that estimation of SCys C level as a diagnostic tool to detect renal function in the early stage of acute 
kidney injury in contrast to serum creatinine level. The study declares positive correlation of increasing serum cystatin C level in 
individual with acute renal failure in type 2 diabetes mellitus patients. Moreover, the cystatin C level will not be affected by age, 
gender, food Intec and muscle mass. Additionally, when cystatin c level enhances in patients with ARF there GFR level decreases in 
contrast to serum creatinine and there GFR. Hence, it is suggested that cystatin C level required to measure first while patients 
having symptoms of ARF. But some limitations related to small sample and low acknowledgement to use cystatin C as assays of 
early detection of renal failure. Further studies need to be done at larger population to confirm this result. 


Author Contribution 
Disha Chandera: Topic selection, Data collection and analysis, Wrote the manuscript 
Dhruvi Patel & Dr Ketan Mangukiya: Guidance, plan of study, Corrections, Proofreading, helps to form manuscript preparation as 


per journals requirement, drafting manuscript 


Conflict of Interests 
The authors have no conflicts of interest to declare. All co-authors have seen and agree with the contents of the manuscript and 
there is no financial interest to report. We certify that the submission is original work. 


Acknowledgement 

I am grateful to Parul University, Limda, Vadodara, for providing me with this opportunity to write research paper about " Early 
detection of acute renal failure by serum cystatin c in type 2 diabetes patients in Parul sevashram hospital at Waghodia, Vadodara" 
to gain job experience and put my knowledge into practice. I would like to express my sincere thanks to The Central Lab of Parul 
Sevashram Hospital for providing me all needed facilities and support for sample testing. I would feel privilege to give thanks to 
those who have supported me directly or indirectly to complete my work. 


Medical Science, 26, ms335e2368 (2022) 5 of 6 


MEDICAL SCIENCE | REPORT 


Funding 


This study has not received any external funding. 


Conflicts of interest 


The authors declare that there are no conflicts of interests. 


Data and materials availability 


All data associated with this study are present in the paper. 


REFERENCES AND NOTES 


1. 


Assal HS, Tawfeek S, Rasheed EA, El-Lebedy D, Thabet EH. 
Serum cystatin C and tubular urinary enzymes as 
biomarkers of renal dysfunction in type 2 diabetes mellitus. 
Clin Med Insights Endocrinol Diabetes 2013; 6:7-13. doi: 
10.4137/CMED.S12633. PMID: 23966807; PMCID: PMC37383 
77. 


. Bacci MR, Chehter EZ, Azzalis LA, Costa de Aguiar Alves B, 


Fonseca FLA. Serum NGAL and Cystatin C Comparison 
with Ratio 
Inflammatory Biomarkers as Early Predictors of Renal 
Dysfunction in Patients with Type 2 Diabetes. Kidney Int 
Rep 2016; 2(2):152-158. doi: 10.1016/j.ekir.2016.10.001. PMID: 
29142952; PMCID: PMC5678634. 

Dhupper V, Ghalaut VS, Kulshrestha MR, Bhadra J, Yadav 
U, Mahor DS. Evaluation of cystatin C as a marker of 


Urinary Albumin-to-Creatinine and 


estimated glomerular filtration rate (eGFR) in different 
stages of Chronic Kidney Disease (CKD). Sch Acad J Biosci 
2015; 3(4):328-34. 

Elsayed MS, El Badawy A, Ahmed A, Omar R, Mohamed A. 
Serum cystatin C as an indicator for early detection of 
diabetic nephropathy in type 2 diabetes mellitus. Diabetes 
Metab Syndr 2019; 13(1):374-381. doi: 10.1016/j.dsx.2018.08 
017. PMID: 30641728. 

Herget-Rosenthal 5, Bokenkamp A, Hofmann W. How to 
estimate GFR-serum creatinine, 
equations? Clin Biochem 2007; 40(3-4):153-61. doi: 10.1016/ 
j.clinbiochem.2006.10.014. PMID: 17234172. 

Hojs R, Beve S, Antolinc B, Gorenjak M, Puklavec L. Serum 
cystatin C as an endogenous marker of renal function in the 
elderly. Int J Clin Pharmacol Res 2004; 24(2-3):49-54. PMID: 
15689051. 

Kumaresan R, Giri P. A comparison of serum cystatin C and 


serum cystatin C or 


creatinine with glomerular filtration rate in Indian patients 
with chronic kidney disease. Oman Med J 2011; 26(6):421-5. 
doi: 10.5001/omj.2011.107. PMID: 22253951; PMCID: PMC32 
51200. 

Marwaha S, Goswami M, Vashist B. Prevalence of Principles 
of Piaget's Theory Among 4-7-year-old Children and their 
Correlation with IQ. J Clin Diagn Res 2017; 11(8):ZC111- 


Medical Science, 26, ms335e2368 (2022) 


10. 


11. 


12; 


13. 


14. 


15. 


ZC115. doi: 10.7860/JCDR/2017/28435.10513. PMID: 289692 
87; PMCID: PMC5620909. 

McNamara NV, Chen R, Janu MR, Bwititi P, Car G, Seibel 
M. Early renal failure detection by cystatin C in Type 2 
diabetes mellitus: 
expression. Pathol 2009; 41(3):269-75. doi: 10.1080/00313020 
902756220. PMID: 19291539. 

Mussap M, Dalla Vestra M, Fioretto P, Saller A, Varagnolo 
M, Nosadini R, Plebani M. Cystatin C is a more sensitive 


varying patterns of renal analyte 


marker than creatinine for the estimation of GFR in type 2 
diabetic patients. Kidney Int 2002; 61(4):1453-61. doi: 
10.1046/j.1523-1755.2002.00253.x. PMID: 11918752. 

Onopiuk A, Tokarzewicz A, Gorodkiewicz E. Cystatin C: a 
kidney function biomarker. Adv Clin Chem 2015; 68:57-69. 
doi: 10.1016/bs.acc.2014.11.007. PMID: 25858868. 

Pavkov ME, Knowler WC, Hanson RL, Williams DE, 
Lemley KV, Myers BD, Nelson RG. Comparison of serum 
cystatin C, serum creatinine, measured GFR, and estimated 
GFR to assess the risk of kidney failure in American Indians 
with diabetic nephropathy. Am J Kidney Dis 2013; 62(1):33- 
41. doi: 10.1053/.ajkd.2012.11.044. PMID: 23347458; PMCID: 
PMC3664248. 

Randers E, Erlandsen EJ, Pedersen OL, Hasling C, Danielsen 
H. Serum cystatin C as an endogenous parameter of the 
renal function in patients with normal to moderately 
impaired kidney function. Clin Nephrol 2000; 54(3):203-9. 
PMID: 11020018. 

Taglieri N, Koenig W, Kaskijc. Cystatin c and cardiovascular 
risk. Clin Chem 2000. Doi: 10.1373/clinchem.2009.128397. 
PMID: 19713275. 

Tsai JP, Wu SW, Hung TW, Kao WT, Hong CL, Lian JD, 
Chang HR. Diagnostic performance of serum cystatin C and 
serum creatinine in the prediction of chronic kidney disease 
in renal transplant recipients. Transplant Proc 2010; 
42(10):4530-3. doi: 10.1016/j.transproceed.2010.09.150. PMID: 
21168730. 


6 of 6 


